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@ HAedlcal film comprising polyamide. 



@ A film suitable for making medical solution pouches includes a first layer of ethylene propylene 
copolymer blended with an elastomer ; a polymeric adhesive layer ; and an outer layer of a polyamide. 
Nylon 12 and copolymers thereof, nylon 11 and copolymers thereof, nylon 66, nylon 610, and nylon 
66/610 copolymer are especially prefen-ed polyamides. One or more, interior layers of at least one 
polyolefin such as an ethylene vinyl acetate copolymer, ethylene methyl acrylate copolymer, very low 
density polyethylene, ionomer, or blends of these materials, can also be included in the structure. 
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This invention relates to autoclavable flexible films suitable for the packaging of nnedical solutions. 

Cunrently, it is common medical practice to supply liquids such as medical solutions for parenteral admini- 
stration in the form of disposable, flexible pouches. These pouches should be characterized by collapsibiiity, 
transparency, and adequate mechanical strenght They must also be able to resist the relatively high temperat- 
5 ures required for heat sterilization of their contents, for example in an autoclave. Typically, medical solutions 
and the like are autoclaved at about 253''F for periods of 15 to 30 minutes. 

Presently, such flexible pouches are typically made from a highly plastlcized polyvinyl chloride. While meet- 
ing the requirements mentioned above, polyvinyl chloride may have some undesirable properties for use as a 
medical solution pouch because of the possibility of migration of plasticizer from the polyvinyl chloride into the 
10 medical solution or the other contents of the pouch so that the solution may become contaminated by potentially 
toxic material. A question has also arisen conceming whether PVC Is adequately chemically neutral to medical 
solutions. It has also been found that polyvinyl chloride becomes brittle at relatively low temperatures. 

Embrittlement and stress-craking, particularly of the outer surface of medical pouches, has been found to 
occur in the other non-PVC pouches. It is desirable to provide a pouch for the packaging of medical solutions 
15 which substantially reduces or eliminates stress-cracking and embrittlement of the pounch material. 

Materials for medical packaging should possess sufficient strenght to withstand processing steps during 
manufacture, conversion into pouches, retorting, distribution and handling. 

When packaging medical solutions, the amount of extractables in the medical solution derived from the 
packaging material must be strictly controlled. A medical solution is also often pH sensitive, and the pH of the 
20 solution must also be kept within strict limits. The pH of the solution can shift, I.e. become more acidic or basic, 
as a result of the migration of substances from the packaging material into the solution during retorting or stor- 
age. 

The inventor has found that using polyamides, such as those disclosed herein, for the outer layer of a film 
results in a strong film with better pH stability in a medical solution contained in a container made from the film, 

25 than a comparable film with a copolyester outer layer. 

Of interest is U.S. Patent 4,401,536 Issued to Lundell et al which discloses the use of a blend of medical 
grade radiation-stabilized polypropylene and a copolymer of ethylene and a comonomer selected from the 
group consisting of vinyl esters of saturated carboxylic acids and alkyt esters of alpha, beta ethylenically un- 
saturated carboxylic acids, the blend being Irradiated. 

30 Also of interest is U.S. Patent 4,643,926 issued to Mueller which discloses a flexible film for medical solution 
pouches generally Including a sealant layer of ethylene propylene copolymer, modified ethylene propylene 
copolymer, or flexible copolyester; one or more Interior layers including elastomeric polymeric materials such 
as very low density polyethylene; and an outer layer of ethylene propylene copolymer or a flexible copolyester. 
Also of interest is U.S. Patent 4,726,997 issued to Mueller et al which discloses a chemically stabilized film 

35 in which extractables are controlled by the use of a high molecular weight stabilizer In a copolyester layer, and 
a solution pH is controlled by the addition of a carbonate of an alkali metal to a modified ethylene vinyl acetate 
copolymer. 

Also of interest is U.S. Patent 4,803,1 02 issued to Raniere etal which discloses a multiple layer film having 
a first layer of a polyester, polycart)onate, or polyether block amide copolymer; an adhesive layer; and a layer 

40 of polypropylene polymer blended with an elastomeric styrene ethylene butylene styrene copolymer. 

An object of the present invention is to provide a film suitable for the packaging of medical solutions charac- 
terized by high mechanical strength. 

Another object of the present invention is to provide a film suitable for the packaging of medical solutions, 
the film having the effect of reducing pH shift in medical solutions contained In containers made from the film. 

45 The term "polyamide" is used herein to mean resin commonly designated as nylon. Typically, in the con- 
ventional method, some polyamide resins are made by condensation of equimolar amounts of a saturated di- 
carboxyllc acid containing from about 2 to 10 cartDon atoms with an alkylene diamine. In which the alkylene 
group contains from about 2 to 10 carbon atoms. Excess diamine may be used, thereby giving an excess of 
amine end groups over carboxyl end groups in the polyamide. Other polyamide resins are polymerized by ad- 

50 dition reactions of ring compounds that contain both acid and amine groups on the monomer. Copolymer are 
also included herein In the tenm "polyamide". Prefen-ed polyamides include nylon 66, nylon 610, nylon 66/610, 
nylon 12 and copolymers thereof, and nylon 11 and copolymers thereof. Polyamides containing a substantial 
percentage of caprolactam are less desirable, and in some cases unsuitable, in medical film applications, be- 
cause the caprolactam can extract into the medical product to be packaged. Polyetheramlde block copolymers 

55 are excluded from this definition. 

The temns 'flexible" and the like and "elastomeric" and the like are used herein to define specific polymeric 
materials as well as characteristics of a resulting pouch or bag whereby improved flexibility and/or collapslbility 
of the pouch or bag is obtained by the use of these specific polymeric materials. Flexible materials may be 
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characterized by a modulus of preferably less than 50,000 PS! (ASTM D-882-81) and n^ore preferably less than 
40,000 PSI (ASTM D-882-81). 

The term "film" and the like refers to a thermoplastic material suitable for packaging and having one or more 
layers of polymeric materials which may be bonded by any suitable means well known in the art. 
5 The term "polymer", "polymeric", and the like, unless specifically defined or otherwise limited, generally 
includes homopolymers, copolymers and terpolymers and blends and modifications thereof. 

The tem "interior" and the like is used herein to refer to a layer of a multilayer film which is not a skin or 
surface layer, or sealant layer, of the film. 

The tem "melt index" is used herein as the amount, in grams, of a themioplastic resin which can be forced 
10 through a given orifice under a specified pressure and temperature within 10 minutes. The value should be de- 
temnined in accordance with ASTM D 1238-82, Condition E. 

The term "ethylene vinyl acetate copolymer" (EVA) is used herein to refer to a copolymer formed from 
ethylene and vinyl acetate monomers wherein the ethylene derived units in the copolymer are present in major 
amounts and the vinyl acetate derived units in the copolymer are present in minor amounts. 
15 The tenn "ethylene propylene copolymer" (EPC) is used herein to refer to a copolymer fomned of propylene 
monomer and minor amounts, usually less than 10% and preferably less than 6% by weight, of ethylene com- 
onomer. This may be a high melt flow EPC, although It does not have to be unless designated as such In this 
specification or the claims attached hereto. 

The term "modified" and the like is used herein to refer to a polymeric material in which some or all of the 
20 substltuents are replaced by other materials, providing a change in properties such as improved impact resi- 
stance, flexibility or elastomeric properties. In the case of modified ethylene propylene copolymer, the modifi- 
cation is provided by a rubbery block copolymer such as commercially available under the trademark Kraton 
firom the Shell Chemical Company. 

The temis "elastomer" and the like are used herein to mean a elastomeric, rubbery or flexible material suit- 
25 able for use in one or more layers of the present invention. Preferred elastomers are styrene ethylene butylene 
styrene copolymer (SEBS), styrene butadiene styrene copolymer (SBS), styrene isoprene styrene copolymer 
(SIS), and ethylene propylene mbber (EPR). 

The tenri "polyolefin" is used herein to refer to olefin polymers and copolymers, especially ethyle polymers 
and copolymers, and to polymeric materials having at least one olefinic comonomer, such as ethylene vinyl 
30 acetate and ionomer. 

A film comprises a first outer layer comprising a blend of an ethylene propylene copolymer and an elas- 
tomer; a second outer layer comprising a polyamide; and a polymeric adhesive layer disposed between and 
adhering the first and second outer layers. 

In another aspect of the invention, a film comprises a first outer layer comprising a blend of an ethylene 
35 propylene copolymer and an elastomer; a second outer layer comprising a polyamide; an interior layer com- 
prising a polyolefin; and a polymeric adhesive layer disposed between and adhering the interior layer to the 
second outer layer. 

An alternate embodiment of the invention includes first and second outer layers as described, and a layer 
ofVLDPE. 

40 A method of making a film comprises providing a blend of an ethylene propylene copolymer and an elas- 
tomer; and extruding a first melt stream of the blend, a second melt stream of a polymeric adhesive, and a third 
melt stream of a polyamide, to fonm a film. 

Another aspect of the method comprises providing a blend of ethylene propylene copolymer and an elas- 
tomer; and extruding a first melt stream of the blend, a second melt stream of a polyolefin, a third melt stream 
45 of a polymeric adhesive, and a fourth melt stream of a polyamide, to fonm a film. 

The invention can be further understood by reference to the drawings, in which: 
Figure 1 is a schematic cross-sectional view of an embodiment of the invention; 
Figure 2 is a schematic cross-sectional view of another embodiment of the present invention; and 
Figure 3 is a schematic cross-sectional view of another embodiment of the present invention. 
50 Figure 1 shows a three layer film 1 in accordance with the present invention. Sealant layer 10 comprises 
a blend of an ethylene propylene copolymer (EPC) and an elastomer such as a styrene ethylene butylene 
styrene copolymer (SEBS). A suitable EPC resin is Z 9550 from Fina, or PLTD 665 from Exxon. The Fina ma- 
terial has an ethylene content of about 6.0%. Both EPC resins have a melt flow of about 10 grams/10 minutes 
(ASTM D 1238. Condition L). Other high melt flow (5 to 15 grams/10 minutes at ASTM D 1238, Condition L) 
55 ethylene propylene copolymers, and polypropylenes (PP) can be used, as well as lower melt flow EPC and PP 
materials. The elastomer is preferably a styrene eythyle butylene styrene copolymer (SEBS). The SEBS is pref- 
erably Kraton G 1652. This particular material may be regarded as a thermoplastic rubber, and also as a block 
copolymer with polystyrene end blocks and a rubbery polyethylene butylene mid-block. A preferred blend range 
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for sealant layer 10 Includes between about 70% and 95% EPC and between about 5% and 30% of an elas- 
tomer. 

Other suitable elastomers for sealant layer 10 include styrene butadiene styrene copolymer, styrene Iso- 
prene styrene copolymer, and ethylene propylene rubber. 
5 Outer layer 14 comprises a polyamide such a nylon 66/610 copolymer. A commercial resin is available from 

EMS under the designation XE 3303. Other copolyamides and polyamides can also be used for layer 14, in- 
cluding nylon 66, nylon 610, nylon 12 and copolymers thereof, and nylon 11 and copolymers thereof. 

Adhesive layer 12, disposed between the two outer layers 10 and 14, comprises a polymeric adhesive 
which is disposed between and serves to bond the blend layer to the polyamide layer. In this embodiment, the 
10 central polymeric adhesive layer is preferably a thin layer relative to the two outer layers. 

Adhesive layer 1 2 is a polymeric adhesive such as a modified ethylene methyl acrylate copolymer or mod- 
ified ethylene vinyl acetate copolymer. Certain ethylene unsaturated ester copolymers, unmodified, may also 
be suitable for layer 12 In order to bond the sealant layer 10 to outer polyamide layer 14. 

In addition, other polymeric adhesive materials may be suitable for layer 12 as well as the adhesive layers 
15 of other embodiments of the present invention. The choice of these adhesive materials depends on the selection 
of resins for the remaining layers of the film structure, in particular the resin layers which will be bonded by the 
adhesive layer. These additional adhesives are preferably chemically modified adheslves, often with acid or 
acid anhydride functionalities, and include chemically modified versions of the following; linear low density 
polyethylene, very low density polyethylene, high density polyethylene and polypropylene. 
20 Suitable chemically modified adhesives Include Bynel} E 361 and E374 available from du Pont, and Plexar} 
3382 available from Quantum/USI. The Bynel E 361 material is an EVA based polymeric adhesive with maleic 
anhydride graft copolymer. The Bynel E 374 material is an EMA based polymeric adhesive with maleic anhyd- 
ride graft copolymer. The Plexar 3382 material is a EMA based chemically modified polymeric adhesive with 
maleic anhydride graft copolymer. 
25 Also suitable for layer 12 Is modified styrene ethylene butylene styrene copolymer available from Shell 
Chemical Company as Kraton{ FG 1901X rubber. 

Figure 2 shows a four layer film 2 made in accordance with the present invention. Outer layer 26 is pref- 
erably the blend of EPC and the elastomer material described for sealant layer 10 of the three layer structure. 
Interior layer 24 comprises an oleflnic polymer or copolymer, such as ethylene vinyl acetate copolymer 
30 (EVA), ethylene methyl acrylate copolymer (EMA), or blends of EVA and EMA. Preferably, the EVA has a vinyl 
acetate content of between about 18% and 35% by weight of the EVA. Even more preferably, the EVA has a 
vinyl acetate content of about 28% by weight of the EVA. Several commercially available EVA resins are suit- 
able for intermediate layer 24. These include Elvax 31 75 having a melt index of 6 and a 28% vinyl acetate con- 
tent by weight of the EVA. Also useful is Elvax 31 82, a 3 melt index resin with a vinyl acetate content of about 
35 28% by weight of the EVA. Both of these resins are available from du Pont. Additionally, Exxon 767.36 (2.5 
melt index, 30% vinyl acetate) and Exxon 760.36 (3 melt index, 27.5% vinyl acetate) are also suitable for in- 
termediate layer 12. The intemnediate layer 24 comprises preferably between 60 and 90% and more preferably 
about 80% of the total film thickness. 

Interior layer 24 can also be an ionomer, or a blend of ionomer and EVA. A preferred blend Is 75% EVA 
40 and 25% ionomer. A preferred range of the blend is 50% to 96% EVA, and 4% to 50% ionomer. A suitable com- 
mercially available ionomer is Surlyn (TM), such as Suriyn 1707, available from DuPont. 

Adhesive layer 22 comprises a polymeric adhesive such as those described above for adhesive layer 12. 
The second outer layer 20 is a polyamide such as that desribed eariier for outer layer 14. 
Optionally, an additional polyolefinic layer can be included in the film structure, such as EVA or other mate- 
45 rials such as those described eariier, or a very low density polyethylene (VLDPE) such as DEFD 1 362 available 
from Union Carbide. If VLDPE is present as an additional layer, an adhesive layer Is normally required to bond 
it to the sealant layer. This adhesive layer can comprise any suitable resin. Preferably, it comprises a blend of 
VLDPE and the material of the sealant layer. More preferably, it comprises a blend of about 50% VLDPE and 
50% of the sealant layer material. 
50 Figure 3 Illustrates such a film 3. 

Outer layer 38 is preferably the blend of EPC and the elastomer material described for sealant layer 10 of 
the three layer structure. 

A first adhesive layer 36 comprises any suitable polymeric adhesive, preferably a blend of VLDPE and the 
material of the sealant layer. 
55 Interior layer 34 comprises VLDPE. 

Adhesive layer 32 comprises a polymeric adhesive such as those described above for edhesive layer 12. 
The second outer layer 30 is a polyamide such as that desired eariier for outer layer 14. 
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EXAMPLES 



Exemplary multi-layer structures of Examples 1 through 8 are cast coextruded and irradiated. These struc- 
tures are viewed as potential replacements for polyvinyl chloride bags. Examples 1 through 8, In part reflected 
5 in the detailed description of the preferred embodiments hereinbefore described, are discussed below with their 
respective fomiulations. The structure for each example begins with the Inside or sealant layer, and ends with 
the outside layer. The Examples include the following materials: 
EPCi: = PLTD 665 

SEBSi: = Kraton G 1652 
10 EVAi:= Elvax 3182-2 

Adheslvei = Bynel E 361 
Adhesive2 = Bynel E 374 
polyamidei = XE 3303 
POi= polyolefin 
15 VLDPEi= DEFD1362 

In Example 1. the multi-layer film comprised 80% EPCi + 20% SEBSi/Adhesivei/polyamidev 

In Example 2, the multi-layerfilm comprised the same construction as the film of Example 1, but with Adhe- 
sive2 as the adhesive layer. 

In Example 3 a multi-layer film comprised 80% EPCi *** 20% SEBSi/ EVAi/Adhesivei/polyamidei. 
20 In Example 4, the multi-layer film comprised the same construction as the film of Example 3, but with Adhe- 
sive2 as the adhesive layer. 

In Example 5 a multi-layer film comprised 80% EPCi + 20% SEBSi/75% EVAi + 25% POi/Adhesivei/po- 
lyamidei. 

In Example 6, the multi-layer film comprised the same construction as the film of Example 5, but with Adhe- 
25 sive2 as the adhesive layer. 

In Example 7 a multi-layer film comprised 80% EPCi +20% SEBSi/50%VLDPEi+40%EPCi+10%SEBSi/ 
VLDPEi/Adhesivei/ polyamidei 

In Example 8, the multi-layer film comprised the same construction as the film of Example 7, but with Adhe- 
sive2 as the adhesive layer instead of Adheslvei. 
30 In each of the Examples, 1% of an antioxidant, AO 330 made by Ethyl, is included in the sealant layer. 
Thus, the actual per cent of EPC in the sealant layer of the examples is actually about 79.9%. 

In Examples 5 and 6, suitable polyolefins can be included in varying amounts, ranging from 1% to 99%, in 
the second layer. The choice of resins will depend on factors such as specific end use, cost, and availability. 

Films in accordance with the present invention are preferably cross-linked. This Is preferably done by ir- 
35 radiation, i.e. bombarding the film with particulate and non-partlculate radiations such as high energy electrons 
from an accelerator or cobalt-60 gamma rays, to cross-link the materials of the film. Cross-linking increases 
the structural strength of film and/or the force at which the material can be stretched before tearing apart, and 
may also improve the optical properties of the film and change the high temperature properties of the film. A 
prefenred inradiation dosage level is in the range of from about 2 Megarads (M.R.) to about 8 M.R. Electronic 
40 cross-linking can be accomplished by curtain beam irradiation. 

Cross-linking may also be accomplished chemically e.g. by the use of peroxides. 

Pouches made in accordance with the present invention may be sealed by various means well known in 
the art, Including radiation frequency (R.F.) sealing, impulse and hot bar sealing. 

The films according to the present Invention are preferably formed by cast coextrusion as a tubular film. 
45 Containers for medical applications, or other desired end uses can be made directly from the coextruded, tubu- 
lar film, or alternatively from rollstock material obtained from the tube after It has been slit and ply separated. 
A hot blown process can also be used to make the film, although optical properties of the resulting pouch would 
be inferior to those from a cast coextrusion process. Other processes, such as extrusion coating, conventional 
lamination, slot die extrusion, etc. can also be used to make the film of the present invention, although these 
50 altemative processes can be more difficult or less efficient than the preferred method. 

It should be noted that the detailed description and specific examples which indicate the presently prefen-ed 
embodiments of the invention are given by way of illustration only. Various changes and modifications within 
the spirit and scope of the claims will become apparent to those of ordinary skill In the art upon review of the 
above detailed description and examples. 

55 
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Claims 

1. A film comprising: 

a) a first outer layer comprising a blend of an ethylene propylene copolymer and an elastomer; 
5 b) a second outer layer comprising a polyamide; 

c) optionally, an interior layer disposed between the first and second outer layers and comprising a 
polyolefin; and 

d) a polymeric adhesive layer disposed between and adhering either the first and second outer layers 
or the interior and second outer layers. 

10 

2. A film according to claim 1 wherein the elastomer is: 

a) styrene ethylene butylene styrene copolymer; 

b) styrene butadiene styrene copolymer; 

c) styrene Isoprene styrene copolymer; or 
^5 d) ethylene propylene rubber. 

3. A film according to claim 1 or 2 wherein the first outer layer comprises a blend of 70% to 95% ethylene 
propylene copolymer, and 5% to 30% of an elastomer. 

4. A film according to claim 1, 2 or 3 wherein the polymeric adhesive comprises a chemically modified 

20 

polymeric adhesive which is: 

a) modified ethylene vinyl acetate copolymer; 

b) modified ethylene methyl acrylate copolymer; 

c) modified linear low density polyethylene; 

d) modified very low density polyethylene; 

e) modified high density polyethylene; 

f) modified polypropylene; 

g) modified styrene ethylene butylene styrene copolymer; and 

h) modified ethylene propylene rubber. 

^ 5. A film according to one of the preceding claims wherein the polyamide is nylon 12, a copolymer of nylon 
12, nylon 11, a copolymer of nylon 11, nylon 66, nylon 610, or nylon 68/810 copolymer. 

6. A film according to any one of the preceding claims comprising an interior polyolefin layer in which the 
polyolefin is: 

35 a) ethylene vinyl acetate copolymer; 

b) ethylene methyl acrylate copolymer; 

c) a blend of ethylene vinyl acetate copolymer and a second polyolefin; 

d) very low density polyethylene; 

e) ionomer; or 

40 f) a blend of ionomer and ethylene vinyl acetate copolymer. 

7. A film according to claim 8 comprising ethylene vinyl acetate copolymer having a vinyl acetate content 
from 18% to 35% by weight of the ethylene vinyl acetate copolymer. 

45 a. A film according to claim 6 wherein the interior layer comprises a very low density polyethylene; and which 
comprises: 

a) a first polymeric adhesive layer disposed between and adhering the interior layer to the first outer 
layer; and 

b) a second polymeric adhesive layer disposed between and adhering the Interior layer to the second 
^ outer layer. 

9. A film according to claim 8 wherein the first polymeric adhesive comprises a blend of very low density 
polyethylene, and the blend of the first outer layer. 

10. A method of making a film comprising: 

a) providing a blend of an ethylene propylene copolymer and an elastomer; and 

b) extruding 

I) a first melt stream of the blend of a), 
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ii) a second melt stream of a polymeric adhesive, and 
ill) a third melt stream of a polyamide, to fonn a film. 

A method of making a film comprising: 

a) providing a blend of an ethylene propylene copolymer and an elastomer, and 

b) extruding 

I) a first melt stream of the blend of a), 

ii) a second melt stream of a polyolefin, 

ill) a third melt stream of a polymeric adhesive, and 

Iv) a fourth melt stream of a polyamide, to fom a film. 

A medical pouch comprising a film as claimed in any one of claims 1 to 9. 



■ 
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